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SUMMARY 


The  Naval  Air  Development  Center  (NAVAIRDEVCEN)  is  supporting  the 
Naval  Air  Systems  Command  (NAVA1R)  (AIR- 5301)  in  the  development  of 
computer  aided  tactical  performance  plots  for  Inclusion  in  Navy  and 
Marine  Helo  Tactical  Manuals.  As  part  of  this  effort .^computer  programs 
have  been  developed  which  are  capable  of  analyzing  the  flight  performance 
of  typical  helicopter  configurations.  Areas  of  flight  performance 
include  specific  excess  power,  sustained  and  instantaneous  turn  rate, 
and  maneuver  capability.  . 
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These  programs  were  written  in  FORTRAN  and  use  three^supporting 
subroutines.  This  report  describes  the  analytical  development  and  logic 
development  for  the  programs.  In  addition,  it  includes  a  user  description 
and  complete  listing. 
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INTRODUCTION 


In  support  of  the  tactical  manual  effort  sponsored  by  the  Naval 
Air  Systems  Command  (AIR- 5301) ,  a  methodology  for  predicting  selected 
helicopter  performance  capability  was  developed  by  the  Naval  Air 
Development  Center  (6051) .  Performance  items  considered  include 
specific  excess  power,  sustained  and  instantaneous  turn  rate,  and 
maneuver  capability. 

The  programs  discussed  in  this  report  utilize  power  required  and 
power  available  tabular  input  along  with  other  geometric  and  physical 
scalar  input  (e.g.,  rotor  disk  area  and  tip  speed)  to  compute  perform¬ 
ance  by  means  of  the  appropriate  equation  of  motion.  The  output  may  be 
directly  presented  in  numerical  form;  if  desired,  tactical  manual  plots 
can  be  created  by  the  use  of  available  plotting  software. 
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DISCUSSION 

THEORETICAL  DEVELOPMENT 

The  computer  programs  described  in  this  report  provide  a  rapid, 
flexible  and  accurate  means  to  generate  tabular  and  graphical  data 
expressing  several  Important  parameters  which  measure  helicopter  per¬ 
formance  capability.  The  programs  accept  a  common  input  format  by  which 
any  conventional  helicopter  can  be  fully  described  through  scalar 
namelist  parameters  and  tabular  data  of  power  available  and  nondimen- 
sional  power  required.  The  programs  exist  as  four  separate  routines 
which  calculate  performance  data  as  follows: 

Program  #1:  PSHELO  -  specific  excess  power  as  a  function  of 

load  factor,  calibrated  airspeed  and 
altitude 

Program  #2:  SUSTURN  -  maximum  sustained  turn  rate  as  a  function 

of  calibrated  airspeed  and  altitude 

Program  #3:  INSTURN  -  maximum  instantaneous  turn  rate  as  a 

function  of  calibrated  airspeed  and 
altitude 


i 

A  derivation  and  description  of  the  equations  used  in  each  of  the 


Program  #4:  MANEUV  -  specific  excess  power,  load  factor  and 

turn  radius  as  a  function  of  ambient 
condition,  calibrated  airspeed  and 
altitude 


four  routines  follows 
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SPECIFIC  EXCESS  POWER 


Specific  excess  power  (Pg)  Is  intended  as  a  measurement  criterion 
for  comparing  relative  performance  capability  throughout  the  speed- 
altitude  envelope  for  any  two  helicopters.  It  is  specifically  a  measure 
of  the  power  available  for  maneuvering  over  and  above  that  used  to  main¬ 
tain  level  flight  and  can  be  expressed  as  shown  in  equation  (1) . 


supplied  by  engine 
Gross  Weight 


auired 


(ft/min) 


In  relating  the  quantity  Pg  to  performance,  the  specific  energy  is  first 
derived  from  the  total  energy  at  a  point  in  velocity-altitude  space. 


equation  (2) . 


E 


GWh  + 


GWV2 

2g 


(2) 


The  specific  energy  or  energy  height  is  then: 


h  + 


vf  ,  inf. 

2g  +  2GW 


(3) 


Specific  excess  power  is  the  time  rate  of  change  of  specific  energy, 
which  yields  equation  (A) . 


_  wdhVdVind_ 
•S  "  dt  g  dt  GW  dt 


C4) 


where 

E  -  total  energy 
h  ■  altitude 

h^  -  specific  energy  or  energy  height 
t  ■  time 

V  -  true  airspeed 
g  -  acceleration  of  gravity 
I  -  rotor  inertia 
Q  -  rotor  rotational  speed 
GW  -  helicopter  gross  weight 
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The  above  equations  reveal  that  a  given  Pg  increment  may  contribute  to  a 

dh  V  dV 

rate  of  climb  (^) ,  level  flight  acceleration  (—  ,  an  increase  in 

rotor  speed  or  a  change  in  the  direction  of  the  flight  path. 

The  units  of  Pg  are  distance/ time,  which  for  helicopter  applications  is 

best  suited  by  feet/minute. 

The  process  of  computing  and  plotting  Pg  as  a  function  of  airspeed 
and  altitude  for  each  helicopter  was  based  on  determining  power  available, 
subtracting  from  it  the  power  required  at  a  given  airspeed  and  altitude, 
and  dividing  by  gross  weight,  as  expressed  by  equation  CS). 


.875  x  (AHP)  x  x  33000 
Pg  -  gw 


(5) 


where 

.875  »  empirical  climb  factor 
AHP  -  power  available  minus  power  required 
-  mechanical  efficiency  ■  0.9 
33000  -  33000  foot- lbs/minute/horsepower  conversion  factor 
GW  -  helicopter  gross  weight 

PG  yields  accurate  values  for  the  rate  of  climb  for  speeds  above 
s 

approximately  60  knots;  however,  for  speeds  below  60  knots,  the  actual 
rate  of  climb  is  somewhat  greater  than  the  computed  Pg  value.  This  is 
not  reflected  in  the  equation  because  of  the  use  of  a  constant  as 
opposed  to  a  variable  empirical  climb  factor. 

The  computational  process  is  carried  out  using  nondimenslonal 
forms  of  power  required  and  power  available.  Nondimenslonal  power 
required,  or  power  coefficient  CCp)  is  found  as  a  function  of  thrust 
coefficient  (C^X  and  advance  ratio  <*i J.  for  most  existing  helicopters. 
Thrust  coefficient  and  advance  ratio  are  defined  by  the  following  two 
expressions : 
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-j,  and  u  - 


Cl. 689 )V. 


where 


n  -  load  £actor  (g) 

2 

A  -  rotor  disk  area  (ft  ) 

Viip  ”  rotor  tip  speed  (ft/second) 

VT  -  true  airspeed  (knots) 

(also,  C.J,  is  defined  as  when  n  *■  l.Og) 
o 

Engine  power  available  at  IRP  is  given  as  a  function  of  outside  air 
temperature  (OAT)  and  altitude.  Power  is  nondimenslonalized  using 
equation  (7) 


SHP  x  550 
P.  ...  3 


where  SHP  can  be  either  power  required  or  power  available.  Pg,  based  on 

the  nondimens ional  coefficients  C_  •  ,  C_  and  C_  is  then  found 

c  ,»»  rReq  r Avail  o 

from  equation  (8) . 


.875  x  (C  -  CP  )  x  60  x  Hjj  x  VTIp  47 #25  x  ACL,  x 

avail  ren  r 


To  further  explain  the  procedure  by  which  Pg  is  calculated,  we 
begin  by  determining  the  power  available  for  a  given  flight  condition 
(airspeed,  altitude) .  Shaft  horsepower  available  can  be  input  as  a 
function  of  altitude  and  ambient  temperature,  expressed  by  equation  (9) 


SHP  “  f (h,T), 


or  as  a  function  of  ambient  temperature  and  altitude: 
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SHP  -  f  (X,h) 


(10) 


or  the  percent  torque  available  may  be  supplied,  where  shaft  horsepower 
Is  the  percent  torque  times  shaft  horsepower  at  100Z  torque.  If  the 
power  available  data  supplies  percent  torque,  a  factor  for  horsepower 
per  percent  of  torque  (FORTRAN  name  TORFAC)  and  a  maximum  torque  limit 
(FORTRAN  name  XMSN)  if  other  than  100Z  must  be  input.  The  relationship 
of  TORFAC  and  XMSN  is  such  that  TORFAC  times  XMSN  yields  the  transmission 
limit  in  shaft  horsepower.  If  the  transmission  limit  is  known,  this  may 
be  input  (FORTRAN  name  PLIMIT) . 


A  velocity  correction  in  the  power  available  due  to  ram  effects  may 
be  applied.  The  correction  can  be  linear: 


SHP  -  SHP  x  C^  x  Vj 

or  exponential, 

CC.  x  V  ) 

SHP  -  SHP  x  C2  x  e 


(ID 

C12) 


where  C^,  and  are  input  constants  (FORTRAN  names  DELHP,  TMAN, 
TCHAR) .  The  resulting  shaft  horsepower  available  is  converted  to 
coefficient  form  incorporating  the  effect  of  altitude  through  the  factor 
p,  air  density,  in  equation  (13). 


SHP  x  550 


avail 


A  V, 


TIP 


C13) 


The  next  major  step  is  to  determine  the  power  required.  This  is 
found  in  coefficient  form  as  a  function  of  either  advance  ratio  and 
thrust  coefficient: 


C  -  f(y,  C  )  (14) 

req 

or  as  a  function  of  thrust  coefficient  and  advance  ratio: 

Cp  -  ftCT,  »).  (15) 

req 
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If  Cp  -  f(y,  CT) ,  then  an  Input  switch  (FORTRAN  name  MUCTSW)  is  set 
req  1 

equal  to  1,  and  if  C_  -  f(C  ,  y),  the  switch  is  set  equal  to  0. 

Freq 

Recalling  that  P  is  presented  as  a  function  of  airspeed  and  altitude, 
at  this  point  it  is  noted  that  advance  ratio  is  a  function  of  speed, 
and  CT  is  a  function  of  density  p  which  incorporates  the  effect  of 
altitude.  Hence,  we  can  represent  this  dependence  as  follows: 

Cp  ■  f(y,cT)  >ps-  f(cp,cT)  Ps  -  f(VT,h)  •  ( 

arriving  at  the  final  result  of  specific  excess  power  as  a  function 
of  airspeed  and  altitude -which  is  ultimately  plotted. 

An  incremental  drag  correction  can  be  made  to  the  power  required 
coefficient  using  an  incremental  equivalent  flat  plate  area  in  the 
last  term  in  equation  (17). 

AFe  x  P3 

2  x  A  x  nM  x  n”  ( 

Acceptable  values  for  mechanical  efficiency,  (FORTRAN  name  ETAM) 
and  propulsive  efficiency,  (FORTRAN  name  ETAP)  are  0.9  and  0.8, 
respectively.  Incremental  flat  plate  area  (FORTRAN  name  DELFE)  is  used 
to  adjust  helicopter  drag  for  variations  in  weapons  loadings. 

Specific  excess  power  performance  plots  can  be  generated  for 
various  load  factors.  This  is  done  by  inputting  the  desired  load 
factor,  n  (FORTRAN  name  GFAC)  which  is  then  used  in  the  calculation 
of  the  thrust  coefficient,  C_. 


req 


CP, 


req 


y  -  f(vT) 

C_  -  f (h) 
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SUSTAINED  TORN  RATE 

The  equation  used  to  compute  turn  rate  is  based  on  the  point  mass 
equation,  and  is  a  function  of  load  factor,  airspeed,  and  flight  path 
angle,  as  expressed  in  equation  (18) . 

/£  T 

*  -  s”- --c.°s  y  , 

V  cos  y 

where 

41  -  turn  rate  (radians /second) 
n  -  load  factor  (g) 
y  -  flight  path  angle  (radians) 

V  ”  true  airspeed  (feet/second) 

Using  the  small  angle  assumption  that  y  -  0,  the  following  classical 
relationship  results  in  equation  (19). 


Computations  require  that  j  be  in  units  of  degrees/second,  and  V  in 
knots.  With  appropriate  conversion  factors  inserted,  the  turn  rate 
equation  becomes  that  shown  in  equation  (20) . 


32.17  x  &  .180. 

rf  r\  « 


1091.4388  x 


where  -  true  airspeed  in  knots. 


To  arrive  at  maximum  sustained  turn  rate  at  any  point  within  the 
flight  envelope,  power  required  is  set  equal  to  power  available: 


-p  "  Cp 

req  avail 


Having  Cp  and  the  advance  ratio  w  for  a  given  airspeed,  the  thrust 
req 

coefficient  is  read  from  the  input  helicopter  performance  data,  as 
expressed  by  equation  (20) . 
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CT  -  f(Cp,  y) 


(20) 


The  sustained  load  factor  is  the  thrust  divided  by  the  weight,  equation 

(21), 


n 


CT  x 


p  x  A  z  V___^ 
_ _ TIP 

GV 


(21) 


Finally,  the  sustained  turn  rate  for  a  given  airspeed  and  altitude  using 
the  sustained  load  factor  is  found  from  the  turn  rate  equation  (20). 


MAXIMUM  INSTANTANEOUS  TURN  RATE 


Maximum  instantaneous  turn  rate  is  derived  from  the  maximum  amount 
of  thrust  which  the  rotor  system  can  attain  on  a  transient  or  nonsustalned 
basis.  Maximum  thrust  (or  rotor  limit)  for  a  given  helicopter  can  be 
expressed  by  the  quantity  in  equation  (22) . 


where 


C^,  -  maximum  thrust  coefficient 

max  bc 

o  -  rotor  solidity  -  ^ 

b  -  number  of  blades 

c  *  blade,  chord 

R  *  rotor  radius 


(22) 


This  quantity  is  approximate  since  blade  stall  is  gradual,  and  its 
occurrence  is  affected  by  the  direction  of  turn  as  well  as  airspeed.  The 


program  INSTURN  requires  C_  (FORTRAN  name  CTMAX)  to  be  input,  where 

max 


Cp  is  either  known  explicitly  or  can  be  solved  for  from  the  expression 


2  C„ 


2  C„ 


max 


Either  C_ 


or 


max 


helicopters. 


max 


are  known  or  estimated  for  most  existing 
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Having  C^,  and  using  the  following  relation  in  equation  (23) , 
max  „ 

P  A  VT1P  CT 

max 

- - GW - 


(23) 


the  maximum  instantaneous  load  factor  is  computed  at  any  point  in  the 
flight  envelope.  The  final  step  yields  the  turn  rate  as  a  function  of 
true  airspeed  and  load  factor  (which  Incorporates  the  effect  of  altitude 
using  p)  using  the  turn  rate  equation  (20)  derived  in  the  section  on 
sustained  turn  rate. 


As  airspeed  approaches  zero,  turn  rate  values  become  unrealistically 
large.  It  becomes  necessary  to  specify  a  maximum  turn  rate  attainable 
at  zero  airspeed  in  degrees  per  second  (FORTRAN  name  TR.V0) ,  either  due 
to  control  limitations,  a  handling  qualities  limit  determined  in  test¬ 
ing,  some  value  based  on  vehicle  similarities  or  other  reasonable  assump¬ 
tions.  A  second  value  required  to  define  the  maximum  instantaneous  turn 
rate  versus  airspeed  curve  is  the  break,  velocity  (FORTRAN  name  VB) .  The 
break  velocity,  usually  between  50  and  80  knots,  is  the  lowest  airspeed 
for  which  the  instantaneous  turn  rate  is  calculated.  Below  the  break 
velocity,  an  Internal  curve- fitting  routine  blends  the  calculated  turn 
rate  curve  from  the  break  velocity  to  the  maximum  instantaneous  turn 
rate  value  (TRV0)  at  zero  airspeed. 

MANEUVER  CAPABILITY 


Two  previous  programs  computed  specific  excess  power  (Pg)  at 
selected  load  factors  and  maximum  sustained  turn  rate  over  the  heli¬ 
copter's  entire  airspeed-altitude  envelope.  By  introducing  the  param¬ 
eters  Pg  and  turn  rate  into  one  graph  at  one  ambient  condition  (fixed 
altitude  and  temperature),  the  resultant  capability  for  a  specified 
airspeed  and  selected  turn  radius  can  be  shown.  The  maneuver  capability 
graph  is  plotted  against  calibrated  airspeed  in  knots  and  turn  rate  in 
degrees  per  second. 
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Lines  of  constant  radius  for  500,  1000,  1500  and  2000  feet  are 
projected  on  the  airspeed- turn  rate  graph  according  to  the  geometrical 
relation,  equation  (24) . 


(24 


-  • 

For  R  in  feet,  V^,  in  knots  true  airspeed  and  in  degrees  per  second, 
the  relation  becomes  that  shown  in  equation  (25) . 


*  -  96.7726  x  ^ 


(25 


and  for  calibrated  airspeed  in  knots,  is  replaced  by  where 

is  the  density  ratio  at  the  selected  ambient  condition  so  that  the  final 
expression  equation  (26)  is 


* 


96.7726 


(26 


Lines  of  constant  load  factor  are  plotted  against  airspeed  and  turn 
rate,  and  also  result  from  the  geometrical  relation  of  equation  (20). 


* 


& 


& 


/ft 

1091.4388  x  ■  ~X  (deg/sec) 
T 


(20 


Using  calibrated  airspeed,  this  becomes  that  shown  in  equation  (27) . 

d, 


9  -  1091.4388  x 


Oj  /jn  -1 


(deg/sec) 


(27 


Superimposed  over  turn  radius  and  load  factor  lines  are  the  specific 
excess  power  curves  of  a  particular  helicopter.  The  construction  of 
these  curves  begins  with  expressing  load  factor  as  a  function  of  turn 
rate,  as  shown  in  equation  (28). 
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This  defines  si  load  factor  for  each  value  of  turn  rate  and  airspeed. 
This  load  factor  defines  a  thrust  coefficient  and  the  airspeed  defines 
an  advance  ratio  which  yield  a  power  required  coefficient  read  from  the 
helicopter  performance  data.  Specific  excess  power  is  determined  from 
the  power  required  and  power  available  coefficients  shown  earlier  in 
equation  (8). 

An  additional  line  generated  by  the  Maneuver  Capability  program 

is  the  rotor  limit  line,  based  on  the  C_  value  input  for  each 

^max 

particular  helicopter.  The  rotor  limit  line  is  parallel  to  the  lines 
of  constant  load  factor. 

The  main  program  logic,  which  Illustrates  how  the  above  equations 
are  implemented,  is  presented  in  Appendix  C. 

PROGRAM  DESCRIPTION 


In  addition  to  the  main  programs,  which  perform  the  computations  on 
the  dynamic  equations,  there  are  three  supporting  subroutines,  as 
described  below. 

GREAD/TLOOK  -  This  is  a  three  degree-of-freedom  interpolation 
routine  and  has  two  modes  of  operation.  In  the  first  mode,  table  data 
representing  power  required  and  available  characteristics  are  input  and 
stored.  Each  table  is  assigned  a  predetermined  reference  number.  In 
the  second  mode,  table  data  are  Interpolated  and  extrapolated  by  employing 
the  function  SPL1NR  for  use  in  the  dynamic  calculations.  A  more  detailed 
explanation  of  this  routine  can  be  found  in  reference  (a). 

SPLINR  -  This  function  is  used  to  Interpolate  or  extrapolate  two- 
dimensional  data.  The  interpolation  is  calculated  using  a  local  curve 
fit  scheme  described  in  reference  (bl.  Linear  extrapolations  are  made 
using  each  end  point  slope  of  the  local  curve  fit. 
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ATMOS  -  This  Is  an  atmosphere  table  which  returns  properties  of 
density,  pressure,  temperature,  and  sound  velocity  for  an  Input  altitude 
and  atmosphere  code  (i.e.,  1  -  standard,  2  -  hot  day,  3  »  tropical  day). 

The  data  required  for  the  program  consist  of  a  series  of  single¬ 
value  fixed  Inputs  and  multiple-valued  tabular  inputs.  The  form  of 
the  computer  data  deck  necessary  to  make  a  run  is  presented  in  Figure  1. 

The  tabular  data  include: 

-  Power  available  as  a  function  of  altitude  and  ambient 
temperature  (see  Figure  2) . 

or: 

-  Percent  torque  available  as  a  function  of  and>ient  temperature 
and  altitude  (see  Figure  3) . 

-  Power  required  coefficient  as  a  function  of  thrust  coefficient 
and  advance  ratio.  This  table  is  used  in  the  specific  excess 
power  and  maneuver  programs  (see  Figures  4  and  5). 

-  Thrust  coefficient  as  a  function  of  power  required  coefficient 
and  advance  ratio.  This  table  is  used  in  the  sustained  turn 
rate  program  (see  Figure  6) . 

It  should  be  noted  that  none  of  the  above  tabular  inputs  are  required 
for  the  instantaneous  turn  rate  program. 

The  fixed  inputs  consist  of  helicopter  size  and  mass  data,  ambient 
conditions,  efficiencies,  and  program  switches  which  regulate  the 
options  available  to  the  user.  Table  I  contains  a  scalar  input  variable 
list. 
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$D  (3rd  CASE)$ 


$D  (2nd  CASE)$ 


BLANK 


"TABULAR  INPUTS" 


TITLE 


"SCALAR  INPUTS"  (1st  CASE) 
$D 


EOR 


LGO. 


FTN4,  I  »  PSHELO,  L  »  0.  (SUSTURN,  INSTURN,  MANEUV) 

LIBRARY,  A530LB1. _ 

GET,  A530LB1/UN  ■  VT1781. _ 

GET,  PSHELO/UN  -  603845.  (SUSTURN,  INSTURN,  MANEUV) 

ACCOUNT,  CHARGE  NUMBER,  PASSWORD _ 

JOB,  CB 100000,  T10 


FIGURE  1.  Data  Input  Dack  Structure 
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Table  Reference  No.  10 
SHP  =  f  (h,  T) 


SHP 

Power 

Available 


FIGURE  2.  Power  Available  Tabular  Input 
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Q 

Torque 
Avail abl 
(%) 


Table  Reference  No.  10 
Q  *  f  (T,  h) 


FIGURE  3.  Torque  Available  Tabular  Input 
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TABLE  I.  SCALAR  INPUT  VARIABLE  LIST 


Variable  Default 


Name 

Description 

Units 

Value 

ADISK 

Rotor  Disk  Area 

ft2 

ALT0 

Maneuver  Altitude 

ft 

0.0 

ALT1 

Initial  Matrix  Altitude 

ft 

0.0 

CAS1 

Initial  Matrix  Calibrated  Airspeed 

knots 

0.0 

CTMAX 

Maximum  Thrust  Coefficient  (used  for 
Instantaneous  and  maneuver) 

DELCAS 

Calibrated  Airspeed  Matrix  Increment 

knots 

- 

DELFE 

Equivalent  Flat  Plate  Area  Increment 

ft2 

0.0 

DELPH 

Linear  Velocity  Correction  Power 

Constant 

SHP 

0.0 

DELTALT 

Altitude  Matrix  Increment 

ft 

• 

DELTRT 

Turn  Rate  Matrix  Increment 

deg/sec 

- 

ETAM 

Mechanical  Efficiency 

- 

1.0 

ETAP 

Propulsive  Efficiency 

- 

1.0 

GFAC 

Load  Factor 

g's 

- 

IPRINT 

If  t  0,  diagnostics  will  be  printed 

- 

0.0 

KATMOS 

If  f  1,  standard  day  atmospheric 
properties;  If  =  2,  hot  day;  If  *3, 
tropical  day 

tm 

MUCTSW 

If  -  0,  Cp  -  f  (CT,  y)  input;  If  i  0, 

C  -  f  (y,  CT)  Input 

Number  of  Matrix  Altitudes 

• 

0.0 

NALT 

• 

NCAS 

Number  of  Matrix  Calibrated  Airspeeds 

• 

NPRINT 

If  f  0,  tabular  Input  will  be  printed 

- 

0.0 

NTRNRT 

Number  of  Matrix  Turn  Rates 

deg/sec 

— 

PLIMIT 

Transmission  Limit 

SHP 

106 

PSIMAX 

Maximum  Sustained  Turn  Rate 

deg/sec 

60. 

TCHAR 

Exponential  Velocity  Correction 

Characteristic 

- 

1.0 

TMAN 

Exponential  Velocity  Correction  Mantissa  - 

0.0 

TOGW 

Helicopter  Weight 

1b. 

- 

TORFAC 

TRV0 

Torque  Scale  Factor;  If  »  0,  power 
available  Input 

ft-lbf 

0.0 

Maximum  Instantaneous  Turn  Rate 

deg/sec 

- 

VB 

When  VCAS<V B,  sustained  t  altered  to 
satisfy  PSIMAXB  Vra s  -  0 

knots 

VTIP 

Rotor  Tip  Speed 

ft/sec 

- 

XMSN 

PLIMIT/T0RFAC,  used  when  torque  is 

Input 

0.0 

0.0 
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Appendix  A  consists  of  a  series  of  example  cases  which  show  how 
each  helicopter  performance  program  is  Implemented.  Reference  (c) 
should  be  consulted  for  information  concerning  the  generation  of  the 
tactical  manual  plots  presented  in  this  appendix.  Appendix  B  contains 
listings  of  the  main  performance  source  decks. 

COMPUTATIONAL  PROCEDURE 


Initially,  default  conditions  are  set  (e.g.,  ■  np  ■  1. ,  (DELHP-0. ) 

then  scalar  and  tabular  input- previously  described  is  loaded  into  the 
programs.  Scalar  variables  are  input  through  the  FORTRAN  utility 
NAMELIST  and  the  tabular  data  is  input  through  the  subroutine  TREAD. 
Minimal  tabular  input  for  each  program  was  discussed  in  the  previous 
section.  The  inputted  scalar  variables  override  the  initial  default 
values.  After  the  input  has  been  stored,  the  programs  enter  an  altitude 
DO  LOOP  at  statement  #50  which  concludes  at  statement  #100.  At  the 
beginning  of  this  loop,  altitude  and  temperature  corrections  are  Im¬ 
plemented  and  the  input  data  is  adjusted  accordingly.  Nested  in  the 
altitude  loop  is  a  velocity  DO  LOOP  which  begins  at  statement  #60  and 
concludes  at  statement  #100  (statement  #101  for  the  Instantaneous  turn 

rate  program).  It  is  in  this  velocity  loop  that  the  helicopter  Pc  or 
.  * 
ip  is  determined  for  each  veloc ity-al t i tude  matrix  condition.  After  the 

two  main  loops  have  been  executed,  the  programs  load  the  output  matrix 

on  a  file  designated  as  TAPE6.  This  data  is  in  TPL0T  format  and  can  be 

directly  plotted  by  utilizing  the  software  described  in  reference  (c) . 

Finally,  the  output  matrix  is  loaded  on  a  file  designated  as  TAPE8  in  a 

format  directly  applicable  to  the  tactical  manual  interface  software. 

The  instantaneous  turn  rate  program  incorporates  low  speed  turn  rate 

corrections  to  the  output  matrix  before  TAPE6  and  TAPE8  files  are 

generated.  The  maneuver  program  is  similar  in  context  to  the  other 

helicopter  performance  programs  except  that  the  main  altitude  DO  LOOP 

is  replaced  by  a  turn  rate  input  loop. 
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Representative  cases  showing  the  numerical  and  graphical  output  of 
the  specific  excess  power,  sustained  and  instantaneous  turn  rate  and 
maneuver  programs  are  presented.  An  example  input  deck,  which  is 
compatible  with  all  four  performance  cases,  is  displayed  in  Table  AI. 

The  table  section  of  this  sample  input  is  graphically  illustrated  in 
Figures  A-l,  A-2,  and  A-3.  Each  program  contains  three  output  file 
units.  The  file  unit  designated  as  TAPE  10  contains  a  detailed  input 
listing  together  with  the  output  diagnostics  (if  selected  by  the 
IPRINT  and  NPRINT  options).  The  file  unit  designated  as  TAPE  6  contains 
tabulated  output  in  a  format  directly  usable  to  the  graphics  package 
described  in  reference  (c) .  The  file  unit  designated  as  TAPE  8  contains 
the  tabulated  matrix  output  which  forms  the  basis  of  the  tactical  manual 
plots.  TAPE  8  data  has  to  be  transmuted  by  preprocessing  software 
before  the  graphics  routines  of  reference  (c)  can  be  applied  to  create 
the  tactical  manual  plots.  The  nature  of  this  intermediate  software 
will  be  discussed  in  a  future  publication.  The  remaining  figures  and 
tables  in  this  appendix  present  examples  of  some  of  these  output  files 
for  each  performance  program  along  with  a  sample  tactical  manual  plot. 

In  addition  to  the  above  output,  the  specific  excess  power  program 
creates  a  file  unit  designated  as  TAPE  3  which  contains  the  flight 
envelope  data  displayed  in  the  instantaneous  turn  rate  tactical  manual 
plot.  Finally,  the  capability  to  portray  comparative  plots  between  two 
separate  helicopters  is  available  in  the  previously  mentioned  intermediate 
software. 

Reference  (d)  should  be  consulted  for  tactical  manual  applications 
involving  existing  helicopter  weapon  systems. 
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FIGURE  Al.  Sample  SHP  Input  (Graphical) 
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FIGURE  A3.  Sample  Cj  Input  (Graphical) 
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Table  All.  Sample  TAPES  Matrix  Output 


(Abbreviated) 
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FIGURE  All.  Sample  TAPE6  Maneuver  Crossplot 
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APPENDIX  B 
PROGRAM  LISTINGS 


Proqrara 

Page  No. 

Specific  Excess  Power 

B-3 

Sustained  Turn  Rate 

B-7 

Instantaneous  Turn  Rate 

B-ll 

Maneuvering  Capability 

B-l  5 

B-l 
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APPENDIX  C 
PROGRAM  LOGIC 
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